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during Drosophila development. This excellent discus-Big Time for Cell Growth
sionwould have been nicely complemented by an analo-
gous chapter on vertebrate studies.
The next set of chapters provides a hardcore descrip-
Cell Growth: Control of Cell Size
tion of cell growth mechanisms. This particular area of
Michael Hall, Martin Raff, and George Thomas, Eds.
cell growth research has witnessed themost progress in
recent years, with the unraveling of two major pathwaysCold Spring Harbor, NY: Cold Spring Harbor
now known as the TOR and Insulin Receptor signalingLaboratory Press (2004) 652 pp., $135.00
pathways. The TOR kinase, found in organisms as di-
verse as yeast andhumans, serves as a cell-based integ-
rator of nutrient and metabolic inputs that controls cellGrowth, division, and death are fundamental activities
growth. Although this functionof TORseems remarkablyof every cell. While studies of cell division and cell death
conserved from yeast to humans, the kinase may have
have matured nicely over the past decade—and indeed
beenenlisted for an additional role inmetazoans, namely
were rewarded with the 2001 and 2002 Nobel prizes— to help coordinate inputs from various growth factors
research on cell growth has only recently been making (such as insulin and IGFs) that signal through the PI3-
headlines. Thanks to synergy between studies using kinase. The study of the interplay between these two
different model systems, cellular mechanisms of growth fundamental growth-promoting pathways is particularly
control are now being unraveled at a renewed clip, mak- stimulating, as it sheds light on the evolutionary mecha-
ing this an appropriate time for a book providing an up- nisms underlying organismal growth. At the same time,
to-date presentation of research in this area. This book, a basic understanding of the TOR pathway will likely
which contains a collection of chapters written by out- yield medical benefits, as rapamycin (the drug that led
standing researchers in the field, will be of interest to to the identification of TOR, which stands for target of
both experienced and greenhorn biologists in need of rapamycin) has been proven to be a strong immunosup-
an overview of the subject. pressant and to have promising anticancer activity. The
As each chapter contains sufficient information to link between the activation of these growth pathways
allow it to be read independently of the others, special- and cancer is nicely developed at the end of the chapter
ists may notice a certain level of redundancy, although on mTOR.
this will allow others to draw connections between the Insulin and Insulin-like Growth Factors (IGFs) activate
different topics. The order of the chapters is not always growth through humoral mechanisms, overlaying sys-
logical, perhaps reflecting the immaturity of the field. temic control onto cell-autonomous TOR-dependent
control. The essential molecular features of the regula-The first four chapters describe growth control within
tion of these pathways have been known for severalthe context of development, dealing mainly with the
years, and current research is now focusing on under-coupling of cell growth and proliferation and with the
standing its physiological control within the context ofinfluence of cell growth upon tissue (re)modeling. This
living organisms. Two chapters address this issue, de-is followed by nine chapters providing a detailed de-
scribing in detail the importance of insulin/IGF receptorscription of the molecules and pathways controlling cell
signaling for cell growth, both in invertebrates and in ver-growth (TOR, IGF-I receptor signaling, translation initia-
tebrates.tion, andautophagy), and thenby sevenadditional chap-
Both the TOR and insulin-signaling pathways ulti-ters focusing on tissue-specific programs of growth
mately control the protein translation machinery, and(neuron, lymphocyte, skeletal and heart muscles, pan-
three solid chapters review this control in detail, onecreas, and a final chapter on plant tissue growth).
addressing translation initiation and the others focusingThe first chapter is an erudite description of the differ-
on transcription and ribosome synthesis, probably theent growth strategies used by organisms to attain their
most energy-costly processes in the cell.ultimate size. It sets the stage for the more mechanistic
The book ends with a series of chapters addressing
descriptions that follow andprovides interesting physio-
specific growth programs in various tissues, pointing to
logical and evolutionary perspectives on organismal the important notion that growth generally involvesmore
growth. For instance, it points to a number of constraints than a simple increase in tissuemass. This is particularly
organismsmust deal with, such as the conflicting needs illustrated here in the case of neuronal growth, where
for differentiating and establishing feeding structures synaptic plasticity, the basis of learning mechanisms,
and for setting up an early proliferation program. relies on the capacity of synapses to remodel, grow, and
As illustrated in the title of the book, the editors de- establish newsynaptic connections. Twoother chapters
cided to focusmostly on cellular (as opposed to organis- describe the case of cardiac and pancreatic  cells,
mal) aspects of growth control. Nevertheless, theymade where adaptive growth is observed in response to
a laudable effort to include discussions of more global pathological situations (e.g., cardiac hypertrophy linked
issues related to growth. In this respect, the book often to chronic pressure overload, or -cell mass increase
refers to genetically tractable models such as Drosoph- in response to insulin resistance) having major physio-
ila and includes one chapter addressing the intricate logical consequences. This part of the book makes the
important connection between growth at the cellularconnections between tissue patterning and cell growth
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level and its physiological relevance within a tissue or provide the cells that form the plant. Growth control is
a complete organism.While a treatment of physiological emerging as an important issue in plant research, and
regulation may seem a bit beyond the announced scope the recent sequencing of the Arabidopsis genome
of the book, it undoubtedly represents the next step should accelerate the discovery in this area.
toward a more integrated understanding of these pro- In conclusion, the publication of this book coincides
cesses. In this respect, a chapter on the physiological with the onset of a new era in growth studies, and it
control of body size, aswell as on its pathological dereg- should be of great use for helping students and re-
ulation in humans, would have added a significant and searchers appreciate growth as a regulated process
medically relevant component to the discussion of playing key roles in many developmental, physiological,
growth control. and pathological events.
The final chapter evokes some fascinating features of
plant growth, including the surprising “solid” and “liq-
Pierre Le´opolduid” growth concepts. Solid growth refers to growth
Institute for Signaling, Developmentaltaking place in the meristem (cytoplasmic cell growth
Biology, and Cancerand cell proliferation), and cell expansion (due to a dra-
UMR6543 CNRSmatic accumulation of water in the cell), which accounts
Parc Valrosefor most of the mass of the plant, is called liquid growth.
06108 Nice Cedex 2The chapter mostly focuses on the mechanisms that
control meristemal cell growth and proliferation, which France
even large classes in which students interact with theClickers: A Teaching
instructor and each other in a much more lively fashion
Gimmick that Works that promotes active learning.One of these technologies
is personal response systems, colloquially termed
“clickers.” These systems can not only provide valuable
One study after another over the past decade has shown feedback to both instructor and students during a class,
that students who engage interactively with each other but can also facilitate changes in both student and in-
and the instructor in the classroom learn concepts bet- structor behavior that enhance teaching and learning,
ter, retain them longer, and can apply them more effec- as described below.
tively in other contexts than do students who sit passively Several different brands of these systems are avail-
listening, perhaps taking notes for future memorization in able, but all of them consist of clickers (transmitters),
preparation for an exam (evidence reviewed in Handels- operated by students, which can send infrared or radio
frequency signals to one or more receivers that feedman et al., 2004, Science 304, 521–522). This general
principle applies at all educational levels, from primary into a computer controlled by the instructor. Some
brands use wall-mounted receivers hard-wired to theschool through college and graduate courses. At many
primarily undergraduate institutions (PUIs), where teach- computer, while others are portable and entirely wire-
less. The clickers are small hand-held devices resem-ing is the primary responsibility of faculty members and
class sizes tend to be small, these findings have driven bling a TV remote, with several buttons labeled numeri-
cally or alphabetically. Students typically buy the clickerswidespread transformation of science teaching from
lectures to seminar-style courses consisting primarily for $5 to $30 at the campus bookstore at the start of
the semester and register them online with the courseof student projects, presentations, discussions, and ex-
ploration of case studies that require students’ active software, which links the serial number of each clicker
to the name and email address of the student. In class,participation. By contrast, in the large research universi-
ties (RUs), where many faculty see research as their when the instructor poses a multiple-choice question
and asks the students to respond, each student clicksprimary responsibility and teaching as a distraction and
where class sizes tend to be large, lecture classes have an answer, which is picked up by the receivers and
stored with the student’s records by the software. Thegenerally remained the norm for undergraduate science
teaching in core courses. software can instantly display a histogram of the stu-
dents’ answers, which can be displayed to the classDoes thismatter? The so-called “Oberlin Report” from
the 1980s showed that a disproportionately high per- with a data projector. The software also allows the in-
structor to later look up the responses of an individualcentage of students who went on to pursue graduate
study in science received their baccalaureate training student to each question, and it can be programmed to
assign credit points if desired and even to email pointat PUIs (see more recent data at http://www.nsf.gov/
sbe/srs/seind04/start.htm). We at the RUs must do a totals to students. The cost to students is minimal, since
a clicker can be used in more than one course, andbetter job of encouraging and training our science stu-
dents. most bookstores will buy back used clickers at the end
of the semester. Cost to the department for receiversScience faculty andadministrators atRUs havegener-
ally assumed that lecturing in an auditorium setting is and software is roughly $1000 per 100 students in a
classroom.the only feasible teaching format for large courses in
view of faculty time limitations. However, recently devel- Like any technology, these systems are intrinsically
neither good nor bad; they can be used skillfully oroped tools using simple information technology make
it possible, with little extra faculty effort, to conduct clumsily, creatively or destructively. However, they can
